We show that at 2786 kg, the largest known marsupial, Diprotodon optatum, was much larger than has previously been suggested. Our results contradict the conclusion that the maximum attainable body mass of an Australian marsupial has been constrained by low productivity.
nent. Body mass also correlates negatively with population size and fecundity, both of which impact on assessments of vulnerability to climatically or anthropogenically driven extinction ( Johnson 2002) .
Subjective inferences of body mass and comparisons of general morphology in D. optatum range widely, from comparisons with bullocks (Long et al. 2003) to rhinoceroses (Archer et al. 1994) . A mounted Australian Museum specimen has a head-body length of 3.7 m (A. Musser, personal communication) . In life, this animal would have exceeded 4 m because cartilaginous tissue, which is lost in fossils, amounts to ca. 20% of pre-sacral vertebral column length (Finch & Freedman 1986) . However, even 3.7 m exceeds the head-body length of any extant bovid (Nowak & Paradiso 1983) . Diprotodon was massive, and Hippopotamus or rhinoceros species are more appropriate analogues. Maximal head-body length and body mass in the hippopotamus (Hippopotamus amphibius) are 4.6 m and 4500 kg, respectively (Nowak & Paradiso 1983) . For the largest rhinoceros (the white rhinoceros, Ceratotherium simum), these dimensions are 3.77 m and 3600 kg (Groves 1972) . The mean body masses are 1405 kg for H. amphibius (Smithers 1983 ) and 2000 kg for C. serum (Bourlière 1965) . With a mean body mass of 1000 kg, the black rhinoceros, Diceros bicornis, is closest to the estimate used by Burness et al. (2001) . This smaller species has a head-body length of 2.80-2.90 m, and a maximum body mass of 1300 kg (Happold 1987; Hillman-Smith & Groves 1994 ).
MATERIAL AND METHODS
Body mass predictions founded on minimum mid-shaft circumferences of the femur and humerus (C hϩf ) offer greater accuracy than those using craniodental data and are less constrained by phylogenetic differences (Anderson et al. 1985) . To estimate mean body mass in D. optatum, we measured C hϩf in 18 quadrupedal marsupials of known body mass and combined these data with those taken for 32 placentals that ranged up to 5879 kg (Anderson et al. 1985 ; see electronic Appendix A available on The Royal Society's Publications Web site). We then generated a predictive equation using Model I regression and holding body mass as the dependent variable (figure 1). A smearing estimate (SE) was calculated to correct logtransformed results for transformation bias (Smith 1993) . To test for phylogenetic effects, we also compared the relationship between C hϩf and body mass in 17 quadrupedal marsupials with that of 15 placentals within the same size range (less than 44 kg). Slopes derived from the regressions of log-transformed marsupial and placental data were compared using Student's t-test (Zar 1984) . Our estimate of mean body mass in D. optatum (n = 17; see electronic Appendix B) was compared with predicted maximal mean body mass (MMBM) for endothermic herbivores based on landmass area, i.e. MMBM (endothermic herbivore) = 0.47 × (landmass area) 0.52 (Burness et al. 2001) .
RESULTS
The mean C hϩf for D. optatum was 530 mm (s.e.m. = 1.05). At 2786 kg, our resultant prediction of mean body mass greatly exceeds that of previous estimates (95% CI of 3417 kg to 2272 kg). The average C hϩf in D. optatum was much larger that that of the two closest individual extant placentals, an H. amphibius (C hϩf = 417 mm, body mass = 1950 kg) and an American bison (Bison bison) (C hϩf = 359 mm, body mass = 1179 kg). This is also much greater than mean C hϩf for C. simum (455 mm, n = 7; see Christiansen 1999b), an animal with an average adult body mass of 2000 kg.
Slopes were significantly different between marsupials and placentals with masses of less than 44 kg (t = 3.389, d.f. = 29, p Ͻ 0.005). Because the slope for marsupials was higher (3.32 versus 2.74), we infer that methods incorporating data from placentals, such as those presented here, may underestimate body mass in marsupials (figure 2).
The predicted MMBM for an Australian endothermic herbivore based on landmass area (7 682 000 km 2 ) was 1788 kg. Marsupials consume ca. 20% less food than placentals of equal body mass (Burness et al. 2001) . Correcting for this lower food intake gives a predicted MMBM of 2235 kg for Australian marsupials. After allowing for lower consumption, D. optatum is 25% larger than expected. Operating on the same premise, consideration of 95% confidence limits places the mean body mass in D. optatum at between 53% and 2% higher than predicted on the basis of landmass area.
Proc. R. Soc. Lond. B (Suppl.)
DISCUSSION
We conclude that body mass in the Late Pleistocene giant, D. optatum, has previously been underestimated. These findings contradict the assertion that uniquely low productivity has constrained the MMBM attainable by Australian marsupials, but marginally strengthen the correlation between MMBM of endothermic herbivores and landmass area (r 2 changes from 0.74 to 0.75). The relationship between productivity and body mass is not necessarily simple or linear. Large body mass can be a response to highly seasonal, relatively unproductive conditions (Owen-Smith 1988) . Similarly, the relationship between species richness and productivity can be linear, bimodal or unimodal (Wroe 2002) . Discovering whether productivity or other uniquely Australian influences have more generally limited the body masses of the continent's marsupials will require further empirical tests.
